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は，広島農林水産統計年報l'l) に 1957~'63年の 7 年間，山口農林水産統計年報に 1955~日年の 7 年間の
報公がある.前者lこ基づいて，広島県におけるキスの漁獲量およびその漁業務類別漁獲坑の経年変化を
Fig.1 Iこ示す.広島県におけるこの 7年間のキスの平均年間漁獲法は 104トンであって，このうちの82
%が広島県の点部海区，すなわち備後灘を'1心とする水域において漁獲されている.そしてこの水域に
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Fig. 1. Reported landings of Sillago siham哩 inHiroshima Prefecture 
for 1957-'63. 
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つぎに広島県におけるキス漁獲量の月別変化を，同じく 7年間の平均値で、 Fig.2に示す. I'XIからキス
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Fig. 2. Reported average monthly landings of Sillago sihama in Hiroshima 




日合l.2~12. 0館jを用いている i手子は合成樹脂で 11問の浮力が約 IOg のものを l 反につき50~60倒，
沈子は素焼で 1 {11<Iの沈降力が 3~4g のものを l 反につき約200個使用している.仕立てられた l 反の大
きさは，網丈が 75cm，長さは 18m，締結は浮子側で約40%，沈子側で約30%である.












するが，操業時における六島周辺漁場の流速は O.3~0. 8ノットであり 14)，漁期中における漁場の水温









Fig. 3. Map showing the fishing ground (stippled) of the bottom drift-netting in the central region 














May June July AUQ. Sept. Oct. 
Fig. 4. Percentage of monthly landings of Sillago sihama in the commercial 

















May June July Aug. Sept. 
Fig. 5. Species composition of the catch by expreimental bottom drift-netting. 
A， Sillago sihama; B， Saurida elongata; C， Argyrosomus argentatus; D， 
Decatterus maruadsi; E， Callionymus spp.; F， Others. 
シログチおよびマノレアジの3種の合計値は，最高37%，最低14%である. さらに試験操業によって得ら



















漁獲量は， 1O---19kg~の階層が35---42%を占めて対数正規型分布を示し， 7 --9月では 10kg未満のもの
底流網によるキスの生態とその資源に関する研究 7 
Table 1. Species composition of the catch by the experimental bottom drift-netting. 
May June _July_. ! .~ugu~t. !S:ptem?:.r! ..Tota~ 
species IN 'WINv WIN~ '，W，I，N，.，W，I，]'J， ，~J ]'J， I~ !(~Io) (%)1(%) (%)!(%) (%)!(%) (%)!(%) (%)!(%) (%) 
Sillago sihama 60.4 66. 7170.7 57.3167.1 52 
8160.2 62. 0160.0 69. 6166.8 58.2 
Saurida elongata 2.3 6. 21 4.9 17. 7112.0 23. 































Total number of specimens 
Total weight of catch (g) 
14.7 6. 51 5.0 71 1. 3 
3.1 4. 51 4.6 10. 61 2.8 
0.2 O. 010.6 
4.9 4.0 
9.5 4.5 2.3 110.8 
0.8 3.2 0.8 2.1 5. 7 
1.0 0.3 0.8 
1.0 O. 3 O. 7 0.1 
2.8 2.0 0.8 
0.3 0.9 1.0 
1.5 1.3 0.2 0.2 
0.3 0.3 0.3 0.3 0.2 
0.2 0.2 
0.1 0.1 
0.3 0.2 0.1 0.0 
0.1 0.4 
0.2 
O. 1 0.0 
0.1 0.1 
0.3 0.1 0.3 
0.1 0.1 
0.3 0.4 
0.5 0.3 3.0 2.1 6.5 
2.6 3.5 0.4 0.4 
[3Tlm[九
N (%)， Percentage in terms of the number of individuals; 
、ザ(%)， Percentage in terms of weight. 
O. 41 2.4 1.4 4.8 1.8 
4. 1 1. 6 0.9 1.4 61 3.5 7.1 
O. 211. 7 3.9 14.3 4. 71 2.7 O. 7 
2.5 2.2 
0.3 0.9 0.6 2.5 1.2 
9. 3 1.4 3. 21 1. 5 3.4 
0.2 3.3 1.3 1.3 0.4 
1.2 0.4 10.0 2.4 0.9 0.2 
0.6 1.8 1.8 0.8 0.6 
2. 7 0.3 1. 1 
O. 3 0.2 
0.1 0.2 0.2 
0.3 0.4 0.2 0.2 
0.4 0.6 O. 1 O. 1 
0.3 0.6 1.4 1.7 O. 1 O. 1 
0.1 0.0 
O. 1 0.2 
1.4 5.6 0.0 O. 1 
0.3 0.0 0.1 
O. 1 0.1 0.0 0.0 
1.4 1.2 0.0 0.0 
0.1 0.1 0.0 0.0 
0.0 0.0 
0.1 0.1 0.0 0.0 
0.0 0.0 












































Moy June July Aug. 恒例
Fig. 6. Monthly changes in the amount of fishing e汀'ort(open circle)， the catch 
(solid circle) and C. P. U. E. (double circle) of Sillago sihama in the bottom 
drift-netting at Mushima and Misaki region in 1964. 
。
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Fig. 7. Frequency distributions of the daily catches of Sillago sihama by individual boat 





nica TEMMINCK et SCHLEGELとよく類似している.しかし SillagojaponicaとSillagosihamaの区別につい





]ORDAN， D. S. &]. O. SNYDER11)はキス Sillagosihamaの頗の鱗は円鱗であるとし，これに従って松
原15)は，頬と両限聞の鱗は円鱗であると記載している.しかし瀬戸内海で採集したキスの頬と両眼間に
Jti.庇網によるキスの'1:態とその資itC!IC関する研究




て61Jt!，から採取した新と両l股fl¥Jの鱗それぞれについての同鱗と術鱗の比ギは，両:~Wf. とも 1 : JOで， 特'i
鱗の内める本が板めて大きい乙とがわかった. このように[riJ一極と考えられるキスの傾と両l阪間の鱗
IC，円鱗と柿鱗が1Mイ"する ζとは，Sillago sihama， Szllago japollica両拘の分知J'.，~jと両l眼聞の鱗を収拠
とする乙と IC~~: f為eliJJがあるようにJZえる.
b) 体節的形質および魚体各部の長さの比
側線鱗数，-，"f餅，件鰭，J陶餅それぞれの島信条数，および飢l杷数の，1-数を行ない， その結*を Table2 
ICぷす. 側線鱗数は73のf[~[f本が4 1 '. ， 72の例体が39 '.を占めて， 70，75の似体は極めて少ない.また側線
卜:)Iの鱗数は3tである.
Table 2. Mode and range of the numb(;r of scales，日n-rays and gi I I-rakcrs i n Sillago sihama. 
Numbcr of 
Number of日n-rays Number of 
scalcs 11 
gi I -rakcrs 
lateral lil1e 
1st 2nd Anal Pectoral 
01 first 
dorsal dorsal gill-arch 
Number of 
spcc1mcns 
221 200 200 200 III 200 
Modc 73 xr 1，22 fI， 23 16 5+9 
Ral1ge 70~75 X~XIl 1 ， 20~ 1 ， 23 fI ， 2 1 ~n ， 24 15~ 1 7 4+8~5+ 10 
体的l比を求めるについては，体長 1 4~ 1 5cm のキス JOJ c\1Cついて ， 作 falf立 の 長さをキャリパ-ICよ
って mm のJìíf.'f.で iJ!lJ ~とした. そして例休別!とそれぞれの比を求め， 10)己の ・I>: ~J他をJ，~q l \ して Tablc 3 
Kぷす.
c) 全長と体長，尾文長と体長，体長と体重との関係
体長はl吻封fJから1t批-rtの水制までの長さを川い，全長 (Tcm)と体長 (Lcm)とのi均係を Fig.91C，
j己又iえ(Fcm)と体長との関係を Fig.10 IC，また体長ーと体重 (Wg)との|均係を Fig.II 1と示す.そして
此小rlJri1法ICよって求めたそれぞれの関係式は次の.iJIiりである.
9 
10 ~J [R 俊平
Body proportions in the adult 
Table 3. Mean values of various body proportions of SiLlago sihama. 
Means 
Standard lengthfhead length 
Standard lengthfmaximum depth 
Standard length f pre・1stdorsal length 
Standard lengthfpre・2nddorsal length 
Standard lengthfpre-anallength 
Standard lengthfmaximum pectoral 自nlength 
Standard lengthfmaximum ventral日nlength 
Standard lengthfmaximum caudal日nlength 
Head Iengthfeye diameter 
Head lengthfsnout length 
Head lengthfinter・orbitaldistance 
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Fig. 9. Relationship between totallength and 


















STANDARD LENOTH IN CM 















25 5 10 15 20 25 
FORK LENGTH IN CM 
Fig. 10. Relationship between fork length and 
standard length in SiLlago sihama. 
Lニ O.86T +0.07 



















Fig 13 fζポす.凶のように作点は 4本のInl帰線上IC分布して，様ぷの剥l似性が，tめられる.






て~{ぷ筏を~îlìl1こする必要がある.そ ζで体l乏と鱗筏との関係を求めるためIC ， 306ffiKついて Fig.14の
D部位から l尼につき約20枚の鱗を採取し，再生鱗を除いて，隆起線形成の'1心部の'YII貨な鱗fCついて
鱗筏を測定した. そして各{同体について算出した鱗径の平均値 (Rcm)と体長との関係を Fig.15 IC示
す. I災11とおいて体長が 7~1 8cm のキス!とついては，体長と鱗径との聞にほぼ也線関係があると認めら
れるので，両手?の関係式を1tl小';1乗t.Kよって求めた.すなわち
R=O. 0248L-0. 0237 (2・1)
Fig. 12. A scale taken from body portion D (between the pectoral白nand the lateral 
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2 3 4 5 
SCALE RADIUS IN MM 
Fig. 13. Relationship between scale radius and annulus radii in the scales taken from 
various bod y portions of a 4・year-oldmale of Sillago sihama. 
Fig. 14. Body portions from which scales were taken. 
Table 4. Numbers of normal and regenerated scales among the 20 scales taken from each 
body portion shown in日g.14.
Body portion A B C D E F 
Number of normal scales I 6 7 14 3 8 




Proportion of normal scales 0.55 0.30 0.35 O. 70 0.40 0.40 0.45 
つぎにt~{/J~の形成過仰を検討するに吋 つては， f謀本をなるべく 知的:1..~fCl収/J \すために，作純の百(t!! i((t
法でiiü1.金されたキスを試料とした. ζのような}，'ij 年にわたる ，i;\料 fCついて， 鱗f壬およひ;t~{ぷf干をiJIIJ定し，
それらの1f(を (2・1)式Kよってね~!準化して1!げこ税ぷ係のAド均 11立 をt':l〆J~ ItPJIJK Table 5 ICぷす. この




っき:Kt':l示形成の|時!日]を惟i.Eするために，鱗の辺端J!記長本19) [(R -r，)/(r品 ー rn-，)Jを2t'，~ぷIt'f.および












STANDARD LENGTH 1 N CM 
Relationship between standard length and scale radius in Sillago sihama. 
20 
Table 5. Standard annulus radii in each age group 0f Sillago sihama. 
lM-……山mm














Range of standard annulus radii 
Mean of standard annu1us radii 
Tota1 number of specimens 
1. 0~2. 4 
1. 70 
984 





2. 7~4. 1 
3.46 
642 
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MARGINAL GROWTH INDEX 











得るので，その値を百分率で Fig.19 ，こ示す.後述するようにキスの産卵期は 6~8 月であるが，前述
の標示形成Jl1の体長，各月の成長率， および産卵期の関係から， 年鈴別の体長および(1・3)式によ
って体長から換~ì~ される休重を Fig.20 に示す.以lの体長は各年齢別の体長の代表値であるから，その
分散を求めるために， Table 5の資料の各標示併について標準標示符を O.lmmごとに階層分けし，そ
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AGE IN YEARS 
Fig. 20. Growth curves of standard length (open circle) and body weight 



















1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
STANDARD ANNULUS RADIUS IN MM 
6 8 10 12 14 16 18 CALCULATED STANDARD LENGTH IN CM 
Fig. 21. Frcqucncy distributions of standard annulus radius and calculated standard length 
in each age group of Sillago sihama at the time of the annulus formation. 
るから，棋ノJミ筏の分布Ifl線は傑ぷ形成期jの休長組成と宅一えてよい. 体長分布はj[規分布であるとし




















魚の性比は多くの場合1: 1であるが，そのf直は年齢やf.~I，若干，また漁獲の l時期 ， Ji.よ，場所等によって
変ることがある.
瀬戸内海で 1965~'67 年に底流網，小理!底曳網，吾智網，桝網および一本釣によって漁獲された5， 733 
尾のキスについての性比を Table6 fこ示す.表の 5~9 月の試料は底流網漁場で採捕されたキスであっ
て，産卵期の 6~8 月 lこは雌が多しその他の時期は雄が多い傾向を示す.しかし全体では雌2， 941尾
一、 1I♀(2792) 合(2941)12 に対し雄が2，792)己で，性比は0.95となる.:そこで性比の検定にf原21)の式 1)''---. 2 ~'----.~ 
ニ開 k ♀刊仰3)Jを適用すると， 5550.25<問となるから性比は1:1と考えられる
底流網によるキスの生態とその資源に関する研究
17 
Table 6. Monthly change of sex ratio in Sillago si・ham哩.
Number of individuals 恥10nth .， UH>~~， V' ...~. ，，~ua.o 
Sex ratio 
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Fig. 22. Frequency distributions of内 indexof bilateral as







18 角 IH 俊、子
HI. (1年魚)の雌208尾， 雄2お60)'尾毛lにこついてA二
G.W.xlω0'りjLδつ)を求め，成魚、と未成魚、について雌雄別にそれぞれの月別変化を Fig.23に示す.生殖腺
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EGG DIAMETER IN MM 
Fig. 24. Frequency distributions of egg diameter in the mature ovary 
。fa single Sillago siham沼. Top， right and left ovaries. 乱1iddle
and bottom， different portions of the right ovary. 
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EGG OIAMETER IN MM 
Fig. 25. Frequency distributions of the diameter of ovarian eggs in五ve


















Table 7. Some records concerning the specimens represented in fig. 25. 
Date S~and~，rd . B~~r. O，:a;x Go~ad S時 eof i length we単lt weight index maturity 
8同 mg 3. 07 immature 
2，921 6.05 I p町 matu陀
2， 170 6. 83 maturin再
4，720 9.12 mature 
885 2. 94 spent 
May 29， 1967 138mm 
June 30， 1967 ¥ 169 
July 26， 1967 ! 147 
Aug. 25， 1967 I 173 











との関係を同じく Fig.27K 1'3丸で示す.図における卵巣内卵数は完熟卵数を合む卵数であるから， 1 
回の産卵数は卵巣内卵数の約 1/3となる. このようにキスは多国産卵魚であり，その全産卵数は l年魚
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STANDARO LENGT IN CM 
Fig. 26. Relationship between standard 1ength 
and ovary weight in Sillago sihama 
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STANDARD LENGTH IN CM 
Fig. 27. Relationship between standard 1ength and 
number of overian eggs in Sillago sihama. 






























キセワタガイ Philine argentata GOULD 
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8 10 12 14 16 
STANDARD LENGTH 1N CM 
Fig. 29. Relationship between standard length and stomach contents weight 
index in Sillago sihama captured inJune andJuly， 1967. 
23 
M. J. J 
MONTH 
Fig. 30. Monthly changes of the stomach contents weight index (solid cirde) and the 
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Fig. 31. Relative importance of various food components in the diet of Sillago sihama 
in active feeding season (Apr.~Sept.) and in other feeding season (Jan.~Mar. ， 
Oct.~Dcc.). P， Polychaeta; M， Macrura; A， Amphipoda; An， Anomura; P. a.， 










魚で僚か6~らであるi4M脚類が46%で最も多く，多モ類iは成魚とほほとfr しく 26% ，エビ労iは比較的少なく
14~告を占める.このように成魚と未成魚との問には， ドi内1'.物組成lこ大きな差異が認められるので，キ
スの基本的な餌生物であるヱビ:J;tj，多E実[jおよび端!即頒の月別問内出現頻度を成京1、と未成魚、について
Fig.33 !こ示す.成魚については，エビ類は 3， 9月を除いて年のlIu半に少なく，後半[こ多い.多efo類は
20~40%で変動するが，端胸i類は年の lìíj半[こ多く，後半[こ少ない傾向を示す.本成魚については 5~
7 月は端!閃i類，左手毛]ifi. エビ類の)阪で，それぞれ50~60% ， 20~30'" 10%と};_きな変動はない. しか
し端脚類の比率は 8月になると急激に低下し 9月lこは怖か17%となる. これに反して多毛類およびエ
ビ類の比率は， 8月から上昇し. 9月lこはそれぞれ37%，32%を占める.このような木成H¥における餌
生物の胃内出現頻度の推移と成魚、のそれを比較すると， 5 ~ 7月においては両者は全く異なった様相を
子-俊日JfiJ 24 
Fig. 32. Relative importance of various food components in the diet of adult and 
immature of Sillago sihama. M， Macrura; P， polychacta; A， Amphipoda; An， 







A. M. J. J. A. S. O. N. O. 
MONTH 
Fi胃.33. Monthly changes of dominant food components in the diet of adult and 
immature Sillago sihama. Solid circle， Macrura; douhle circle， Polychaeta; 
































































Fig. 34. The arrangement of nets of five different m
esh sizes， i. e.， 3.36， 3.19， 3.00， 2.82 
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3.19 3.00 2.82 
MESH SIZE IN CM 
Fig. 35. Comparison among the catches made by the experimental nets of five differ・ent mesh sizes. Open circle， relative number of animal individuals captured; solid circle， relative weight of catch; double circle， number of animal species represented in the catch 
2.58 3.36 
。
Fig. 36. Contributions of the ne臼 offive di汀erentmesh sizes to the catch of the indicated species. (Total catch of each species in the experimental fishing= 100%). S. e.， Saurida elongata; A. a.， Argyrosomus argentatus; S. S.， Sillago sihama; L. r.， Leiognathus rivulatus; L. n.， Leiognathus nuchalis; A. 1.， Apogon lineat削;c. spp.， Callionymus spp.; A， 3.36 cm; B， 3.19 cm; C， 3.00 cm; D， 2.82cm; E， 2.58cm. 
27 
底流網によるキスの生態とその資源に関する研究
Fig. 37. Species composition of the catch made by the net of the
 stated mesh size (indicated in the 
center of each circle) in the experimental fishing. S. s.， Sillago sihama; S. e.， Saurida elonga
ta; 
A. a.， Argyrosomus argentatus; L. r.， Leiognathus riDulatus; A. 1.， Apogon 
lineatus; C. spp.， 











14 16 18 
LENGTH 削 CM
Fig. 39. Relationship between the standard length 
and the maximum girth in Sillago sihama. 
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STANDARD LENGTH IN CM 
Fig. 40. Relationship between the standard length 
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STANDARD LENGTH IN CM 
Fig. 38. Length frequency of al the fishes 
other than Sillago sihama captured by 
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Fig. 39， 40， 41から求めた (4・1)，(4・2)，(4・3)式との関係をまとめて Fig.42に示すが，凶において日
合 3.36，3. 19， 3.00および 2.82cmの網によって漁獲されたキスの体長範聞とその体長組成のモード












すなわち日合 miの!氏流刺網で，魚群密度が cljである体長 Ijのキスの単j，'r.努力当り漁獲尾数 Nijは
次式で与えられる.
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STANOARO LENGTH IN CM 
Fig. 42. Length frequency of Sillago sihama captured by the 
nets of di汀erent mesh sizes 
in the experimental fishing. Histograms have been prep
ared for each mesh size 
of the net (i. e.， 3.36，3. 19， 3.00，2.82 and 2.58 cm in stretched mea
sure). 












Table 8. Number of individuals of Sillago sihama captured b
y the 
experimental bottom drift-nets of five mesh sizes. 
l Meめ s…附hedmeasu目 (cm)

















Standard length (cm) 
三;:10.9
11. 0~1 1. 4 
1l .5~1 1. 9 
12. 0~12. 4 
12. 5~12. 9 
13. 0~13. 4 
13. 5~13. 9 
14. O~14. 4 
14. 5~14. 9 






























<D 15.2 cm 
。._・-c耳5 ・ ・ 3ー喝百一ーーー』ー0.55 0.6⑬ 0.65 0.70 0.75 
LOG ( I/m) 
Fig.43. Relationship between log N ang log (11m) for each 1ength cIass of Sillago sihama 
captured in the experimental fishing. N， number of individuals; 1， standard length 
of the 五sh. Marks represent different 1ength c1asses. 
-0.5 
0.55 0.60 0.65 0.70 
LOG (I/m) 
Fig. 44. Master curve for the relation between log N ang log (1 1m). 










































o 3fj 3.8 4D 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 
I/m 







漁場の流速を v'は潮流によって移動する網の速度を vは両行の相対速度を表わす. さらに網丈を
S，海底からの網の高さを h，浮子の浮力を Cu，流れによりi字子lこ働くカを Fj，そしてこの力の方向と流
前!とのなす角を (Jb 沈子の水中重量を W，流れにより沈子lこ働くカを Fz，この力の方向と海底とのなす




Fig. 46. Theoretical principle regarding the formation of tention in the bottom drift-
net 
while drifting on the sea bottom at a constant speed. F， force j v， current velocity j 
v'， speed of the netj (J， anglej S， vertical length of the netj h， height of the net 
from the sea bottom j R， resistance of sea bottom to the movement of the sinker j 






















ζ こで (5・3)式の Kη および (5・4)式の K，は，網地に働く力のうち，網地 ~C鉛直な成分 (Kn) と平行
な成分 (K，)とであるから，それぞれ次式で表わされる.
CD iD'¥ V' =~~_ ( _:'-1 V -=k"・V22 ¥Lノ sm<p・coscp ---n 






S.Kn _ F， 8，-02 
k行・V' kc' V' sin 8， 
(5・9)式を代入すると
kπ・S F， 8，-82 
k， kc' V2 sin 81 (5・1) 
(5・4)式と (5・10)式から
F2 F， _S.k"・sin2<p・V2 ハ " 1 
kc・V' kc:V2-----1(:・V2 ~VJ V 1 
(5.11 )式を代入すると
F2 
一二日 十一-17sin25つ(8，-82) cot I}， k，. V' k， ・V' . k，' V 
!;72=~~i'- {I十smヤ(8，-82)・cot8，} k，' V' k， ・vよって (5・12)

















(5・7)式は tan (J， =一主主ιkc ・V2
(5.2)式と (5・8)式から
F2・cos(J2ご二p(W-F2・sinO2) 
F2 ~… β • .f W F2 '^_ " ¥ 




一一 b一一一ーす: 網のf1ゴ1:とJは (V)に関係する.
kc ・vヘ町." 
ヂ: 網の仕立(縮結)で決まる.
{I : 操業条件(漁場の底質と v')の関数である.
ここでキス底流網の構成を Fig.47 rc;示し，その仕立は次の通りである.
身網:ナイロン210D，2本 1反の浮子網の長さ 18cm.
浮子:合成樹脂，浮力 9.83g， 1反につき 55倒.






Cb=0.302g/cm， W=0.462g/cm， S=75cm， sin2SO=0.5761， kη=3.
 926x 1O-5g/cm， 
k 
















Fig. 47. Structure of the bottom drift-net. 
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w Fig. 48. Relationship between V and 1:-:.-:'可¥f2for diぽ'erentvalues of /'. V=v-v';μ， e 









0，0 1 12 13 14 15 I・V(帽/"的
1. 1.0 0.8 o.a 0.7 08 0.5 }J 
Fig. 49. Relationship between V (μ) and hjs. Vand f' are as shown in白g.48. h and s are as shown in fig. 46. 
b) 理論上の計算結果と実験結果との比較
以上のようにして求められる計算結果を実験によって検証したので，その結果について述べる.すなわち先l乙示した (Fig.47)仕立による長さ 10mのキス底流網を水深が約 1m，流速が 20~55cmj secの
河口で流して vとv'を測定し，また同時に Fig.50に示すxとhの値を測定した.





h= r (cos f)2 -COS f)1) 
S.~~COS81 。1-82









Fig. 50. Theoretical assumption for obtaining the values of r， h and x. 
Table 9. Comparison between theoretical and experimental values. 
V v' V h X r 
(cmfsec) (cmfsec) (cmfsec) (cm) (cm) (cm) 
Theoretical values 50.0 38.2 11. 8 43.0 55
. 7 60.9 
Experimental values 50.0 39.5 10.5 54 
45 
Theoretical values 40.0 33.8 6.2 71. 7 20
.5 195.9 
Experimental values 40.0 31. 3 8. 7 65 35
 
Theoretical values 30.0 24.4 5.6 72.9 16.
3 236.4 


















Table 10. Results of thc experimental bottom drift-netting to investigate the swimmin耳
direction of Sillago sihama in relation to the current direction. 
Number of Direction of fish relative to current 
Date individuals 
examined Number of individuals Percentage 
+ + 
June 2， 1965 320 251 69 78.4 21. 6 
J une 15， 1965 367 263 104 71. 7 28.3 
July 16， 1965 184 130 54 70. 7 29.3 
Aug. 30， 1965 131 103 28 78.6 21. 4 
Total 1，002 747 255 74.6 25.4 
+， lndividuals swimming along the flow; 
一， lndividuals swimming against the flow. 
h) 遊泳層
キスの遊泳層を検討するについては(+)方向と(ー)方向に分け，網を沈子から IOcmごとに区分





Table 11. Frequency distribution of Sillago sihama captured by the bottom drift-net: by the 
gilled directions relative to the current and by the distances above the sinkers 
Date 
June 2， 1965 
June 15， 1965 
J uly 16， 1965 
Aug. 30， 1965 
十
Distances from the sinkers (cm) Distances from the sinkers (cm) 
。~1O 1O~20 20~30 30~4040~50 I 0~ 1O 1O~20 20~3o 30~40 40~50 
% % % % % I % % % % ~ó 
70.6 15.7 7.3 4.0 2.4 I 44.4 33.3 12.5 2.8 7.0 
70.7 18.6 7.6 2.3 0.8 I 50.0 29.8 13.5 5.8 0.9 
64.9 24.6 7.0 0 3.5 I 56.3 25.0 12.5 6.2 0 
60.0 26.0 10.0 4.0 0 I 46.7 26.7 13.3 13.3 0 
+， lndividuals swimming along the flow; 








Fig.51 Iこ示す沈 f今からの距離(シ)と，制成りを計労して求めた海底からの高さ (h')との相対
値は
Fig.51. Theoretical assumption for obtaining the values of s' and h'. s'， 
distance from the sinkers; h'， height from the sea bottom. 
Table 12. Relationship between the distance from the sinkers (ぷ)
and the height from the sea bottom (h'). 
S 
?? s' h' 
5cm 3.0cm 50cm 39.7cm 
10 6.4 60 49.2 
20 13.9 70 59.0 





10 0 10 20 30 
PERSENTAGE FREOUENCY 
Fig. 52. Frequency distributions of Sillago sihama captured by the experimen
tal 
fishing， plotted against the distance from the sea bottom. 
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Table 12 となる.なお大半のキスは O~ lO cm 層 l乙羅網していたので (Table 11)，遊泳層をさらに詳細
に検討するために 0~10cm 層を 0~5cm と 5~10cm との 2 崩に分け，それぞれの羅網尾数を求め，









Fig. 53. Map showing the fishing grounds of“Masu-ami" (pound net)， small 
trawl， bottom drift-net and “Gochi-ami" (boat seine) to catch of Sillago 
sihama in the central region of the Seto Inland Sea. 
TTT “Masu-ami" (pound net); 
言語 small trawl; 
Eヨ bottomdrift-net; 





















Fig.54目 Lengthfrequency of Sillago sihama captured by “Funabiki-ami" (boat 
seine) in Nov.， 1966. N， number of individuals. 


















4 ‘ 8 STANOARO LENGTH IN CM 
Fig. 55. Length frequencies of 1・year-oldSillago sihama captured by small trawl 
by months. N， number of individuals. 
5 月の体長組成のモードは 7.0~7. 5cmであるが 8月lこは 9.O~9. 5cmとなる. そしてこれらの月
別体長組成は，先の鱗の棒、示から求めた l年級群の月別計算体長とかなりよく一致する.
さらにキスは沿岸 lこ極めて近い水域の桝網によっても量は少ないが 5~1O月に漁獲されるので，その
40 jq HI 俊ミド
体長組成を1966年 5~9 月の標本によって Fig.56 に示す.またキスの成魚は， この水域では百科網お
よび一本釣によっても漁獲されるので，それぞれの休長組成を 1966年 7JJの標本についてfil!じく Fig.
56に示す.そして桝網，吾智網および一本釣の標本については鱗または耳石によって年齢査定を行な
い，得られた年齢組成を同じく Fig.56Iこ示している.r斗から桝網のキス漁獲物については，体長範聞







び体長別または年齢別にまとめて 10反 ~r1 りの漁獲尾数になおし，休長または年齢ごとに， 50反の全漁獲
尾数lζ士、}する 10反の漁獲f己数の比率を求めて，斜線をいれたヒストグラムで同じく Fig.57に示す.試
験操業で採捕したキスの体長範聞は各月とも 10.0~17. 5cmで，体長組成のモードは 12.0~13. Ocm 
にある. しかし5月は 6，7月に比較して，体長組成がより大きい側lζ偏している. 当業;J'tlこよって漁
獲されるキスの体長範囲は各月とも 1 1. 0~16.0cm であり，体長組成のモードは試験傑~のそれと一致
する.年齢組成については，漁場には 2~4 年級詳のキスが生息するが，漁期1の進行lこ伴って若年級群
の占める比率が大となる. すなわち 5月は 3if紋群が53%，2 'jミ紋il'f.が40%を占めるが， 6， 7月は 2
年級E平が卓越して70%以上となる. 当業有によって漁獲されるキスは1:として 2，3年級群であって，
5月は 2年級群が60%，3年級群が34%そして4年級群が6%を占める. 6， 7月は 2年級町一が引本を
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AGE IN YEARS 
Fig. 56. Length frequencies and age composition of Sillago sihama captured by the stated 
fishing gears. N， number of individuals. 
底流網によるキスの生態、とその資源に関する研究
20 60 
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忠告20 4 ← z 








10 14 16 12 18 
。
234 
STANDARO LENGTH IN CM AGE 1M YEARS 
Fig. 57. Length frequencies and age composition of Sil
lago sihama captured by experi-
mental bottom drift-netting. Open histograms represent
 the catch by the net of 
five different mesh sizcs (3. 36，3.19，3.002.82，2. 58cm in stretche
d measure)， and 
hatched histograms represent the catch by the net of tw
o mesh sizes (3.00， 2.82 
cm). N， number of individuals captured by the net consisting of五vemesh sizes; 
N'， half number of individuals capturcd by the net consisting of two mesh sizes. 
41 
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Fig. 58. Range， dominant range and modes of standard length of Sillago sihama captured bγeach 










級群は 5 "，， 8 月 K小型底曳網で漁獲されるが 9 月になると体長の大き~) 1年級群は底流網漁場に移動
する.またその極く一部は桝網によっても漁獲される 2年級群のキスの大部分は底流網で，極く一部
分は桝網，存智網および一本釣によって漁獲される 3年級群は底流網，吾智網および一本釣によって
















Fig. 59. Schematic diagram showing the relation among thc fishing grounds of the stated 
五shinggears. Numerals in circle represent age in years. Double， single and dot-









から，季節jj]Jjの全長組成を求めて Fig.60 に示す.標本の全長範囲は 4~
21crnであるが，この値を
(1・1)式によって体長範囲に換算すると 3.5~ 18. 1 crn となる.また 4~9 月の全長範囲は 6
~21crnで





































o !5 10 1!5 20 
FORK LENGTH IN CM 
Fig. 60. Length frequencies fitted norrnal distribution
s of Sillago sihama captured 


















隻当り漁獲量 (Y/X)を算出した t=1のときの Y/Xを Yo/x。とおいて，繊事RIに累積努力量を縦軌lこ








? ? ? ? ?
?










Fig.61. Log ((Y /X)/(Yo/Xo) plotted a胃ainstcumulative fishing effort. 
れる.そこで tニ 4とした 6月 i日から 6月10日までの間における 1[:j 1隻当り漁獲足を日別に求めて，
その推移を検討したところ，この10日間の中途において l日l笠当り漁獲最が急に増加していることか
ら魚群の添加があったものと認められる.従って t=5の l日l隻当り漁獲量がそれ以前の偵よりも増
加していることになるが， さらに t=IO，13においても同様に 1[:j 1隻当り漁獲需;の増加が認められ
る.そこでこのような添加併をキス漁獲物の体長組成によって検討するために，竺イI業庁のキス漁獲物を
測定し，月別体長組成を求めて Fig.621乙;ftす 5月のキス漁獲物の体長組成は 6月以降のそれに比
較して若干大きく，体長組成の rfliからも5.(\1作のお~JJfIが認められる. また t=13(9月上旬)の時点にお
いては，先lζ:iliべたように l年級仰が底流網漁場に加入し，それが漁獲された結栄と考えられる.
さて (6.1)式lζ示される αは，資源最lと対する単位努力当り漁獲最の比率を示す定数であるが，
Fig.61 ，ζ示された直線の勾配から，日=3.8x 10-'を得る.また図から t=1における I日1隻当り漁獲
量として 19.5kgが得られる.これらの値からキスの底流網漁場への当初来遊足は51トンであり 6月
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STANDARO LENGTH IN CM 
Fig. 62. Length frequencies of Sillago sihama captured by com
mercial bottom 
drift-netting by months. N， number of individuals. 
総括および論議
















その移動生態については， 2 ~4 年級併である 12~16cm の体長併が 4 月ヰこから 5 月初めの頃!底流
網
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10. 0~17. 5cmであって，体長 12.0~12. 5cmのキスが最も多いが，休長 12.0cm以ードの小型群は更に
多く生息している答である. しかし先に述べたように，小型itl'の主なる生息域は底流網漁場の域外であ
るから，小型群はこの試験操業によっては殆んど漁獲されていない.また体長が 15.0cm以上の 3，4











































， 3， O~3. 2cmの網円の使
用が適切であると考えられる.しかし 6 月以降においては，漁場に生息するキスの体長組成か
ら 2.8~
3.0cmの網目が適正となり，日合 3.O~3. 2cmの網の漁獲の能率は， 2. 8~3.0cm の
それに比較して
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1) キス版流網は 5~IO月 lこ瀬戸内海の rlr部水域において雌んに採%:されている.キスのH別漁獲泣
はが~tJ初当初の 5 月[こ段も多く，その l 日 l 笠当り漁獲祉は 16.2kg であるが，漁!{Jjの進行に従って次第
lこ減少し， 10月には 11.1kgとなる. i.(l.生物1'にIhめるキスのJH~t比は if.ü場によって若 i二異なるが，六
島周辺広域では， 9}](こ以 I~ :j の 70~，を 7 月には以低の53'1与を示し， i.(l!日J中の三下均は約60りである.









い周期jで形成されることがわかった. すなわち魚崎の偲:ぶは年 1[iJ[，主として.)， 6月に形成される.キ
スの月別成長率を鱗の以終楳示からの辺端成長以によって*めたところ，キスの成長期は 4~9 月で，
この期間の成長註は"f.開成長ほの80%に及ぶ.そして潟[rI内海のキスの成長は，L，=21. 4(1ー ピO.36fJt
-0.2"，) W，= 115 (I-e-0.3GD'-0.232)3と去わされる.また成長を旅卵JUにおける年級群別の体長組成のモー




性比は 1:1であって，産O!J!と関与するのはl:として 2ór:f\~、以上である. しかし l年f.，でも成長の速い1fl;1
休は産卵期に熱卵を持つが，その成熟似体の比ヰくは，雌で8%に過ぎない. キスは多回産卵魚であって，
1 [filの産卵数は全政卵数の約30%と考えられる. 1 rf(imJ期における全産卵数は， 1年魚の成熟1b占l休(体
長 10.5cm) で 1~2 万， 2 年魚(体長 13.5cm) で 2~3 万， 3年京" (休長 16.0cm) で 3~5 万，そ

















た1fM体は25% である.さらにそのj笹泳脳は制成りを&1・ri~ し，級制1.'[ii'i:を海底からの Þ~:J さに換算して求め
氏流網によるキスの生態とその資源lこ関する研究 49 
たところ，キスは海底から 6cmの絶問に65%，G~14cm の範聞に 20% ， 14~22cm の範聞に 9 %， 22 
~31cm の組問 lこ 4 %， 31~40cm の純附に 2%が遊泳していると推定される. そして潮流と同);-1白JIこ
1ft]う1[t.j体鮮は，jJ!! )j[白Hこ l白j うかl体n1' lc比して分市の '1'心がややI~jl'1点目にある.
9) 瀬戸内海の中部水域においては，キスは流氏車/f'j，小型底曳網，桝網， 7tEF網および一本釣によっ
て漁獲されている 5~8 月 lこ小型~底曳網によって，沿wに極めて近い水域で漁獲されるキスは 1"r紋
lnであって，休Wfl成のモードは 5月には 7.0~7. 5cm にあるが 8月lこは 9.0~9. 5cmとなる.桝
制で漁獲されるキスの休k~屯fJHは 9. 5~18. 5cmで， 1. 0~14. Ocm のものが Eド越する.それらは l~
4 -11二級n1'であるが， 主体は 2"手級11 'である.吾 111網および一本釣によって治、獲されるキスは，他tJ.í:i.{f.t~
によって漁獲されるキスよりも大相で， 13.0~19.0cm の体長範岡を示すが， 14目 0~16. Ocmのものが
卓越する.それらは 2~4 年級ìf(，で構成され，その主体は 3 年級Jtfである. J氏流網漁場lとは 10.0~17.5
cm のキスが生息しているが，、J'{;長省によって漁獲されるキスは体長が 1 1. 0~16.0cm のもので，その
大部分は 12.0~14. Ocmである.また午齢組成については， 2 ~4 年級Ii'lで構成され 5 月は 3 年級仰
が卓越して53%を占めるが 6，7月は 2"ド級lI'rが卓越して70%を越える. しかし当業者によって漁獲
されているキスは， 5月は 2年級群が60%， 3 年級l伴が 34~色，そして 4 年級ltY'が 6% であるが， 6， 7 
月は H下級詳が 85~90% を rl:îめ，伎りの 15~1O%のうちの大郎分は 3 年級昨である.なお終漁期の 9 ，
10月には， 1 "J~級lt'~の一部が底流網によっても漁獲される.
10) 備後il':lfの東部水i或の氏流網漁場へのキス来遊11'については， 1964年に当該漁場lこ出漁した組合
のキス底流網lこ|刻する資料を川い DELURYの方法によって解析した. その給米によると 4月末か
ら5月初めにかけての当初来j位:1'(， 6月初めの添加J伴， 8月初めの添加ItL さらに 9月初めにおいては
l 年級群の添加が認められる.そして同年の当該漁場において，底流網が対象としたキス資源拾に対す
るその漁獲l誌は62%で， 1 Ll1笠の操業lこ伴う資源ほの減少ネは 3.8x 10'と推定される.
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SUMMARY 
The aim of this study has been to clarify various features of the population of Sillago sihama 
(FORSKAL) in eastern Bingo-nada of the Seto Inland Sea as a fishing resource for the bottom drift-net 
fishery. It was attempted to approach to this aim by analyzing the interaction between the ecolog
ical 
characteristics of this fish and the catching ability of the bottom drift-net. In doing so, it was ne
ces-
sary to secure information on the fishery biology of this species, on the species- and size-selectivity of
 the 
bottom drift-net and on the configuration of the gear while operated underwater. The data u
pon 
which this study is based comprise published records on the commercial catch of Sillago sihama, unpub-
lished operation records of individual bottom drift-netting boats, the biological data derived f
rom 
those sample fish which the author collected according to a special sampling program, the results of
 ex-
perimental operations of the bottom drift-net and the data obtained by surveying the commercial c
atch 
made by other fishing methods. 
Sillago sihama is a common demersal fish of commercial value in the Seta Inland Sea and its ad-
jacent sea regions (Fig. 8). In the central region of the Sea almost all the commercial catch of this 
species is made with the bottom drift-net of stretched mesh size of 2. 9 or 3. 0 cm (Fig. 3). Ever since 
the commercial bottom drift-netting for this species was begun around 1957 in this region, its annu
al 
landing seems to have been fairly stable. While the fishing season of this fishery lasts from May u
ntil 
October, landing is most abundant in May and gradually decreases thereafter with the increase in
 the 
cumulative fishing effort (Fig. 6 and 7). 
According to the data obtained by the experimental operations of the bottom drift-net, the number 
of species captured by this gear amounts to 32, and throughout the fishing season Sillago sihama accounts
 
for about 67% of the captured individuals and 58% of the weight of the catch in the average (Table 1 
and Fig. 5). 
General conclusions obtained in this study are summarized as follows: 
1) Much importance has been attached to the morphological characteristics of the scales of the 
cheek in identifying the species belonging to Family Sillaginidae. In the species dealt with in
 this 
study the scales of the cheek are exclusively ctenoid in 7 of the examined 61 individuals, and consis
t of 
ctenoid scales mingled with small number of cycloid scales in the other 54 individuals. 
In order to make clear the morphological characters of the adult stage of this species, scales on the 
lateral line, fin rays, and gill-rakers on the first gill-arch were counted (Table 2), and the proportions 
between various body parts were examined in the sampled individuals (Table 3). 
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Total length can be converted to standard length by multiplying by 0. 86, the factor being derived 
from the measurements on 321 individuals (Fig. 9). Fork length can be converted to standard length 
by multiplying by 0. 91 (Fig. 10). Weight can be computed from standard length by means of the 
relationship: W = 9. 69 X 10 " L"· 079 , where W is estimated round weight in grams and L is standard 
length in centimetres (Fig. 11). 
2) Age and growth of the sampled individuals of Sillrzgo si!zrzmrz were determined with the aid of 
the annuli on the scalEs taken between the pectoral fin and the lateral line. In this species an annulus 
on a scale is definable as the zone which comprises irregularly arranged ridges in the anterior sector and 
concurrently intercepts adjacent inner ridges in both lateral sectors (Fig. 12). 
It is observed that in the scales from the same individual the relationship between the scale radius 
(R, the distance from the focus to the anterior margin of a scale) and the radius of a definite annulus 
(r, the distance from the focus to the anterior margin of the annulus) can be expressed by linear re-
gression (Fig. 13). The relationship between standard length of a fish (L) and the mean radius (R) of 
the scales taken from the above-mentioned body part is linear, and can be expressed as R=O. 0248 L-
0. 237 (Fig. 15). The scale radius computed from the standard length with the above empirical equation 
was termed the "standard scale radius" (R). By multiplying this by the ratio of the measured annulus 
radius (r) to tbe measured scale radius (R), the "standard annulus radius" (r) was calculated. The 
mode and range of each standard annulus radius were calculated for different age group of the sample 
fish (Table 5). TheW ALFORD's graph drawn with the data shown in Table 5 proved to be linear; this 
result indicates that the von BERTALANFFY's model should yield reasonably good fit to these growth 
data (Fig. 16). 
The value of the marginal growth index, (R-r.,)/(r.,-r., .. 1), changed monthly and attained the 
minimum value in May (Fig. 17). A new annulus was found along the margin of scales in 35%, 49% 
and 7% of the fish caught in May, June and July, respectively (Fig. 18). The monthly growth rate in 
standard length is estimated from the value of the marginal growth index of each month. The season 
of rapid growth is from April to September, and the growth during this period accounts for 80% of the 
annual growth (Fig. 19). Frequency distribution of the standard radius of each annulus and that of 
the estimated standard length at the time of annulus formation are shown in Fig. 21. The growth of 
this species can be described by PDTTER-VON BERTALANFFY's equation, L, = 21. 4 (1-e-0·"9'-o. n2), and 
by BticH-ANDRESSEN-FISCHR's equation, W,= 115(1-e-o.3o9l-232)3. 
3) The sex ratio in Sillago sihama is likely to be I: I, but females are slightly more abundant than 
males in the samples taken during the spawning season (Table 6). 
By investigating the monthly trend of the gonad index, (gonad weight X 104)/(cube of standard 
length), of the sampled individuals, it is inferred that the spawning season lasts from June until August 
(Fig. 23). The frequency distribution of the diameter of ovarian eggs is shown in Fig. 25 for each in-
dividual representing different stages of gonadial maturity (Table 7). It may be seen in this figure 
that the mode of the diameter shifts according to the gonadial maturity from the immature stage to the 
spent. In the ovary of mature stage the egg diameter has two modes, namely, at 0. 3 and 0. 65 mm 
(Fig. 25). This fact and the fact that remnant mature eggs occur together with the majority of eggs 
approaching ripeness in a single ovary suggest that this species may spawn more than once in a spawn-
ing season. Eggs of the most advanced group (over 0. 5 mm in diameter) are likely to be shed at a 
single spawning; the estimated number of such eggs ranges from 3 to 20 thousand in the 25 females 
with matured ovaries (Fig. 27). Based on the assumption that all the ovarian eggs over 0. 2 mm in 
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diameter be released in the spawning season of the respective year, the fecundity per female per spawn-
ing season is estimated 20-30 thousand eggs in the 2-year-old female, 30-50 thousand eggs in the 3-year-
old and 50-80 thousand eggs in the 4-year-old (Fig. 27). 
All males and females over 2 years of age were observed to be sexually mature. In the !-year-old 
female, 8 specimens of the examined 98 were mature and the others were immature. The minimum 
size of the female with matured ovary is about 10 cm in standard length. 
4) Analysis of stomach contents of Sillago sihama reveals that this species is a benthos-feeder and 
that shrimps and polychaetes form the most important items of the diet in the adult stage. There is 
marked difference in the composition of stomach contents between the adult and the immature stage: 
namely, the main items of diet are shrimps and polychaetes in adult fish, whereas they are amphipods 
and polychaetes in immature fish (Fig. 32). 
In this species the ratio of the maximum weight of stomach contents to the body weight declines as 
the fish grows (Fig. 28). Judging from the monthly changes in the stomach contents weight index, 
(weight of stomach contents X 102)/(maximum weight of stomach contents for the respective body 
weight), and in the percentage occurrence of empty stomachs, this species seems to show intense feeding 
activity during the period from April to September, and its feeding activity appears to take a declining 
trend after August (Fig. 30). While the main items of the diet are essentially the same in the active 
feeding season and in the other seasons, it appears that wider variety of food items is accepted in the 
former season than in the latter (Fig. 31). 
Definite seasonal changes were observed in the composition of the stomach contents of immature 
fish. During May, June and July, am phi pods form the dominant food, but after j uly they are re-
placed by polychaetes. In September relative frequencies that principal food items occur in the 
stomach contents are considerably similar in the adult and the immature fish. (Fig. 33). Available data 
suggest that in this month immature individuals immigrate into the regions which are inhabited by the 
adult. 
5) Although various species of demersal fishes are captured with the bottom drift-net as men-
tioned before, this gear shows considerably high ability to catch Sillago sihama. It is presumed that the 
shape of this net underwater matches the swimming behaviour of this species and therefore results in a 
high catching ability. 
The mesh selectivity of the bottom drift-net for Sillago sihama was estimated by applying 
KITAHARA's method to the data obtained by comparative fishing experiment. In this experiment 50 
nets were used (i. e., 10 nets for each of the 5 different mesh sizes of 2. 58, 2. 82, 3. 00, 3. 19 and 3. 36 cm 
in stretched measure) (Fig. 34). Selectivity was analysed as a function of the variable, (Standard 
length)/(stretched mesh size) (Fig. 43). 
The determined selectivity curve has a fairly sharp peak and is slightly skewed to the right (Fig. 
45). The bottom drift-net used in the central region of the Seto Inland Sea usually has the stretched 
mesh size of 2. 9 or 3. 0 cm; the above mentioned selectivity curve indicates that the standard length 
corresponding to the peak efficiency of those mesh sizes are 12.8 and 13.3 cm, respectively. 
6) The bottom drift-net consists of a long narrow rectangular strip of single-layer netting. In 
actual operation the net drifts over the sea bed with the tidal current. 
Assuming that the various curves of a fishing net in working condition can be approximated by 
circular arcs of different curvatures, 10 equilibrium equations are theoretically obtained regarding the 
distributing tensions and the shape of the net. 
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The shape of the net underwater depends on the difference between the current velocity and the 
drifting speed of the net (i. e., function V) and can be computed if the current velocity, the drifting 
speed of the net and the coefficient of kinetic friction between the sinkers and the sea bed are known. 
The obtained result is shown in Fig. 49. 
In order to check the validity of the above theory, the shape of the net was actually observed in 
water at a river mouth where various current velocities were available. There was satisfactory agree-
ment between the experimental and the theoretical results (Table 9). 
7) The swimming behaviour of Sillago sihama in the fishing grounds was discussed by analysing 
the portions and sides of the net in which the fish were entangled in relation to the direction of tidal 
current. From the observations on the entangled individuals, it may generally be said that the majority 
of the fish keep themselves against the flow while swimming (Table 10). In general, those individuals 
swimming against the flow are situated farther above the sea bottom than those swimming along the 
flow. Considering the configuration of the net underwater, it is concluded that 65% of the captured 
fishes were swimming within 6cm of the sea bed, 20% from 6 to 14cm above the sea bed, and 9% from 
14 to 22cm above the sea bed (Fig. 52). It is presumed that the highest swimming level of this species 
should usually be 40cm above the sea bed. Thus, Sillago sihama can be regarded as a demersal fish 
from the view point of swimming behaviour. 
8) In Bingo-nada, central part of the Seto Inland Sea, commercial catch of Sillago sihama is made 
mainly with the bottom drift-net, although a minor portion of the catch is made with such commercial 
gears as the "Kogata sokobiki-ami" (a small beam trawl), the "Masu-ami" (a pound net), the "Gochi-
ami" (a boat seine) and the "Ipponzuri" (the angling). Sillago sihama caught with the small beam trawl 
from May through August are !-year-old; their standard length has a single mode at 7 cm in May and 
at 9.5cm in August (Fig. 55). The fish caught by the pound net range from 9.5 to 18.5cm in standard 
length with the fish of I! to 14cm being dominant (Fig. 56); they are I to 4 years of age, and most of 
them are 2-year-old (Fig. 56). The fish caught by angling and the boat seining are bigger than those 
captured with the other fishing gears mentioned above: their standard length ranges from 13 to 18cm 
and the dominant lengths are between 14 and 16 cm (Fig. 56); while they are from 2 to 4 years of age, 
the 3-year-old are dominant (Fig. 56). Though the fish occurring in the fishing ground of the bottom 
drift-netting vary from 10 to 18cm in standard length (Fig. 57), the commercial catch by this fishing 
method comprises the fish of 11~16cm in standard length, 70% of them measuring 12 to 14cm (Fig. 
57); while the catch comprises principally the 2-year-old fish during most part of the fishing season, it 
comprises the 3-year-old fish at the beginning of the fishing season (May), and the !-year-old fish to-
ward the end of the fishing season (September and October). 
In Fig. 58 the standard lengths of the commercial catch of this species are indicated for each fishing 
method. At the bottom of this figure are shown the frequency curves of the standard length at the full 
ages of I, 2 and 3 years; these curves are based on the results of the scale study. In Fig. 59 are 
schematically shown the location of fishing ground and the ages of the commercial catch, respectively 
for each fishing method. The immigration of Sillago sihama from one region to another was discussed 
by the aid of this figure. 
9) An analysis of the operation records of the commercial bottom drift-net fishing indicates the 
tendency that the catch per boat-day of Sillago sihama decreases gradually with the increase of cumula-
tive fishing effort (Fig. 61). This result suggests that DELuRv's model can be employed in studying 
the abundance, immigration and emigration of this species in a local fishing ground. Assuming that 
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immigration, emigration and change in the length composition are all neglegible in a local stock within 
a relatively short period of time, DELULY's model was applied to those operation records of the com-
mercial bottom drift-netting in the eastern part of Bingo-nada which consisted in the daily total weight 
of captured Sillago sihama and the daily number of operating boats during the 1964 fishing season. In 
this figure the logarithm of the catch per boat-day as plotted against the cumulative fishing effort can 
be regarded as decreasing fairly regularly; therefore, it does not seem unreasonable to fit a straight line 
to a group of plots which represents a certain period of time. However, it is noted that the plots lie on 
the four parallel straight lines (Fig. 61). We may interpret this as that the decrease of catch per boat-
day is due to the effect of exploitation and that the jumping up from one straight line to an upper one 
reflects an increase in the abundance caused by immigration. And this interpretation is supported by 
the length corn position of the commercial ea tch at the respective times in the fishing season and by the 
migratory behaviour of the !-year-old fish as associated with the changes in their feeding habit. 
On the basis of the information mentioned above, it may be said that the ratio (a) of the catch per 
boat-day to the amount of the stock is almost constant over the period of the operation. Therefore, it 
may be given as a conclusion that 3.8 X w-• is obtained as the numerical value of a evaluated from the 
slope of the lines and that the percentage of the season's total catch to the stock is estimated at 62% for 
Sillago sihama in this region. 
The conclusion as mentioned below on the bottom drift-net fishery has been obtained from the 
analyses of the interaction between the ecological characteristics of Sillago sihama and the features of 
the fishing gear, and moreover from the information of the fishing stock. The bottom drift-net has the 
species- and size-selectivity, and Sillago sihama of 12-14cm in standard length is captured dominantly in 
the central region of Seto Inland Sea. The catching ability of this gear is very efficient for the fish, 
and the percentage of the catch to the stock amount is estimated fairly high for the fish. However, the 
ftshing intensity for large (more than 14cm in standard length) and small (less than 12cm) is not so 
high as medium (12-14cm) in the population. Accordingly, it is recognized that the catch per unit 
effort of the fish by the bottom drift-netting is fairly stable since from the introduction of the com-
mercial bottom drift-net fishery, and the decrement of the fishing stock of the fish is avoidable at a pre-
sent situation. The construction and operation of the bottom drift-net are simple and easy, and more 
it has a high efficiency for catching the fish. Judging from the ecological character of Sillago sihama in 
the central part of the Seto Inland Sea, the optimum mesh size of the fishing gear operating in this 
region is 2.8--3.0 cm in stretched measure. 
